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Abstract 

The U.S. Army Engineer District, Memphis uses the Richardson Landing 
mat casting field to produce articulated concrete mats that are tied together 
to form articulated concrete revetment “blankets” that are then placed on 
the riverbanks to serve as a form of erosion control. The Memphis District 
noted that the corners of some of these concrete mats were becoming 
damaged as the mats were moved from the casting field to the construction 
site. To combat this issue, the Memphis District, Construction Branch, 
decided to incorporate synthetic fibers in the current concrete mixture 
proportion to bridge cracks induced by moving the concrete mats. However, 
there was concern that the addition of fibers would significantly reduce the 
workability of the concrete mixture, making it labor intensive to place in the 
forms and difficult to discharge the fresh concrete from transport vehicles at 
the casting field. 

The Memphis District contracted with the U. S. Army Engineer Research 
and Development Center’s (ERDC’s) Concrete and Materials Branch 
(CMB) to proportion three fiber-reinforced concrete mixtures containing 
3-, 2-, and 1-lb(s)/yd3, respectively, of synthetic (polypropylene) fiber into 
the current mixture proportion used at Richardson Landing mat casting 
field. The CMB performed aggregate testing, concrete trial batching, and 
hardened concrete strength testing to produce the new concrete mixture 
proportions. This interim report presents the results of testing conducted 
by the CMB as of 30 August 2016. 

 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 
 
DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 



ERDC/GSL SR-17-1 iii 

  

Contents 
Abstract .......................................................................................................................................................... ii 

Figures and Tables ........................................................................................................................................ iv 

Preface ............................................................................................................................................................. v 

Unit Conversion Factors .............................................................................................................................. vi 

1 Introduction ............................................................................................................................................ 1 

2 Aggregate Testing Results .................................................................................................................. 3 

3 Mixture Proportioning .......................................................................................................................... 7 

4 Project Delivery Team ........................................................................................................................13 
4.1 Financial ....................................................................................................................... 13 
4.2 Administration .............................................................................................................. 13 
4.3 Technical contact information ..................................................................................... 14 
4.4 Financial contact information ..................................................................................... 14 

References ................................................................................................................................................... 15 

Appendix A: Materials Information ......................................................................................................... 16 

Report Documentation Page 

 



ERDC/GSL SR-17-1 iv 

  

Figures and Tables 

Figures 

Figure 1. Gradation of #57 crushed limestone from the Cumberland Quarry, Pine Bluff 
Sand and Gravel. ............................................................................................................................................ 4 
Figure 2. ASTM (2011) (C40) organic impurities testing of dredged sand. ........................................... 6 

Tables 

Table 1. ASTM (2006) (C136) gradations for #57 crushed limestone from the Cumberland 
Quarry, Pine Bluff Sand and Gravel (cumulative % passing). ................................................................... 3 
Table 2. ASTM (2015a) (C127), bulk specific gravity and absorption of #57 crushed 
limestone from the Cumberland Quarry, Pine Bluff Sand and Gravel (material retained on 
No. 4 sieve). .................................................................................................................................................... 4 
Table 3. ASTM (2006) (C136) gradations for dredged fine aggregate (cumulative % 
passing). .......................................................................................................................................................... 5 
Table 4. ASTM (2015b) (C128), bulk specific gravity and absorption of dredged fine 
aggregate......................................................................................................................................................... 5 
Table 5. Concrete mixture proportions for mixture no. 169-16 RLM-T6. ................................................ 8 
Table 6. Concrete mixture proportions for mixture no. 169-16 RLM-T5. ................................................ 9 
Table 7. Concrete mixture proportions for mixture no. 158-16 RLM-T3. .............................................. 10 
Table 8. Concrete mixture proportions for mixture no. 146-16 RLM-T2. .............................................. 11 
Table 9. Concrete mixture proportions for mixture no. 145-16 RLM-T1. .............................................. 12 

 



ERDC/GSL SR-17-1 v 

  

Preface 
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Chief, ESMD; and Dr. Pamela G. Kinnebrew was the Technical Director for 
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COL Bryan S. Green was the Commander of ERDC, and Dr. David W. 
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Unit Conversion Factors 

Multiply By To Obtain 

cubic feet 0.02831685 cubic meters 

cubic inches 1.6387064 E-05 cubic meters 

cubic yards 0.7645549 cubic meters 

feet 0.3048 meters 

gallons (U.S. liquid) 3.785412 E-03 cubic meters 

inches 0.0254 meters 

ounces (U.S. fluid) 2.957353 E-05 cubic meters 

pints (U.S. liquid) 0.473176 liters 

pounds (force) 4.448222 newtons 

pounds (force) per square inch 6.894757 kilopascals 

pounds (mass) 0.45359237 kilograms 

pounds (mass) per cubic foot 16.01846 kilograms per cubic meter 

pounds (mass) per cubic inch 2.757990 E+04 kilograms per cubic meter 

quarts (U.S. liquid) 9.463529 E-04 cubic meters 

square inches 6.4516 E-04 square meters 

tons (2,000 pounds, mass) 907.1847 kilograms 

yards 0.9144 meters 
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1 Introduction 

The U.S. Army Corps of Engineers (USACE), Memphis District, uses the 
Richardson Landing mat casting field to produce the articulated concrete 
mats that are tied together to form articulated concrete revetment 
“blankets” that are placed on riverbanks to maintain the desired bank 
alignment and configuration and serve as a form of erosion control. The 
casting field has an established concrete mixture proportion that they use 
to produce the mats, and this proportion has undergone few changes 
during the last decade.  

After the concrete mats are produced at the casting field, they are moved 
several times before they are placed on the riverbank. During the process 
of moving the mats, some breakage of the corners of the individual mats 
has been observed. In an effort to mitigate corner breakage of the concrete 
mats, the Memphis District has decided to incorporate synthetic fibers at a 
rate of up to 3 lb/yd3 into the concrete mixture proportion to see if these 
fibers can help reduce corner breakage. 

The Memphis District, Construction Branch, is concerned that the 
addition of conventional construction-grade synthetic fibers will 
significantly reduce the workability of the concrete mixture, which is 
typically quantified by the slump test. A reduction in workability would 
make the concrete more labor intensive to finish and place. It could also 
make it more difficult to effectively discharge the fresh concrete into the 
mat forms from the fresh concrete transport devices at the casting field. 

The Memphis District-Construction Branch requested that the Concrete 
and Materials Branch (CMB) of the U.S. Army Engineer Research and 
Development Center (ERDC) modify the current concrete mixture 
proportion and incorporate synthetic fibers while maintaining the target 
3-to4-in. slump and 3,000 psi compressive strength at 90-days age.  

The concrete mixture proportion used in this study is similar to the one 
used to produce the articulated concrete mats in 2010 at the Richardson 
Landing mat casting field. The concrete mixture proportion was adjusted 
to incorporate synthetic (polypropylene) fibers at dosage rates of 1-lb, 2-lb, 
and 3-lb/ yd3. Since the fiber content is already built into this year’s 
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construction contract and the contractor has already selected the fiber, no 
additional testing to characterize the impact of the fiber content on the 
mechanical performance of the concrete was conducted.  

The Memphis District-Construction Branch requested that the concrete 
mixture proportions include a 0.650 water-to-cementitious ratio, 
25 percent fly ash by volume of cementitious material, and 300 to 
500 lb/yd3 of cementitious material. The target air content for this project 
was 4.0 to 7.0 percent (ASTM International 2014) (C231), and the target 
compressive strength was a minimum of 3,000 psi at 90 days (ASTM 
International 2016c) (C39). 

The operating contractor at Richardson Landing sampled the constituent 
materials that are currently being used to produce concrete at the casting 
field and shipped the materials to the CMB laboratory facility in 
Vicksburg, MS. 

Mill certificates and admixture data sheets for the materials used were 
supplied by the Memphis District Construction Branch, and can be found 
in Appendix A. 
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2 Aggregate Testing Results 

The ASTM International (2006) (C136) gradation results for the coarse 
limestone aggregate are presented in Table 1. The results of Run 1 and 
Run 2 were much finer than the data that the Memphis District-
Construction Branch had provided, so an additional two aggregate samples 
were tested a few weeks later. The results of Runs 3 and 4 were even finer 
than Runs 1 and 2 and struggled to meet the ASTM International C33 
criteria for a #57 stone. Each of these gradations along with the ASTM 
International (2016b) (C33) gradation limits for a #57 stone are shown in 
Figure 1.  

The bulk specific gravity at the saturated, surface-dry condition was 
comparable to the specific gravity provided in historical data for this 
aggregate as shown in Table 2. However, the absorption measured by the 
ERDC-CMB was lower than the historical data. 

Table 1. ASTM (2006) (C136) gradations for #57 crushed limestone from the Cumberland Quarry, Pine 
Bluff Sand and Gravel (cumulative % passing). 

Sieve Size 

Gradation Testing by CMB, 
Cumulative % Passing Historical Gradation 

Provided1 By Memphis 
District Run 1 Run 2 Run 3 Run 4 CMB Average 

1 1/2 in. 100.0 100.0 100.0 100.0 100.0 100 

1 in. 98.0 98.5 98.0 98.5 98.3 98 

3/4 in. 81.6 86.3 87.9 91.2 86.8 72 

1/2 in. 44.2 51.0 59.2 63.3 54.4 34 

3/8 in. 25.1 31.3 37.8 41.1 33.8 15 

No. 4 7.3 8.4 9.5 10.7 9.0 3 

No. 8 4.6 4.8 5.0 5.5 5.0 2 

No. 200 (ASTM C117) 2.9 3.0 3.1 3.3 3.1 1.8 
1Data from materials reports provided by USACE Memphis District-Construction Branch (Appendix A). 



ERDC/GSL SR-17-1 4 

  

Figure 1. Gradation of #57 crushed limestone from the Cumberland Quarry, Pine Bluff 
Sand and Gravel. 

 

Table 2. ASTM (2015a) (C127), bulk specific gravity and absorption of #57 crushed limestone from the 
Cumberland Quarry, Pine Bluff Sand and Gravel (material retained on No. 4 sieve). 

Property 

Testing by CMB Historical Data Provided1 By 
Memphis District Run 1 Run 2 Run 3 Run 4 Average 

Bulk specific gravity (SSD) 2.696 2.693 2.682 2.685 2.689 2.669 

Absorption, % 0.69 0.82 0.91 0.93 0.84 1.2 
1Data from materials reports provided by USACE Memphis District-Construction Branch (Appendix A). 
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The fine aggregate used for this project is a dredged, natural river sand 
sourced from Mississippi River at Mile 769.2 AHP (Above Head of Passes). 
The gradation, absorption, and specific gravity results for this material are 
at Tables 3 and 4. 

Table 3. ASTM (2006) (C136) gradations for dredged fine 
aggregate (cumulative % passing). 

Sieve Size 

Gradation Testing by CMB, 
Cumulative % Passing 

Run 1 Run 2 Average 

3/8 in. 99.6 98.9 99 

No. 4 98.1 95.6 97 

No. 8 92.3 89.4 91 

No. 16 75.4 73.7 75 

No. 30 45.5 44.9 45 

No. 40 25.4 25.2 25 

No. 50 13.1 13.0 13 

No. 100 1.5 1.6 1.6 

No. 200 0.6 0.6 0.6 

No. 200 (ASTM 2013b (C117) 0.6 0.6 0.6 

Table 4. ASTM (2015b) (C128), bulk specific gravity and absorption of dredged fine 
aggregate. 

Property Run 1 Run 2 Average 
Historical Data Provided1 

By Memphis District 

Bulk specific gravity (SSD) 2.64 2.64 2.64 2.62 

Absorption 0.49% 0.48% 0.49% 0.80% 
1Data from materials reports provided by USACE Memphis District-Construction Branch 

(Appendix A). 

The fine aggregate had an unusually dark color when tested in accordance 
with ASTM International (2011) (C40). The ASTM C40 organic impurity 
color was reported as a 4. Aggregates with this dark of a color may have 
problems with air entrainment, freeze thaw durability, and compressive 
strength due to organic impurities being present in the fine aggregate. 
Problems with air entrainment were not observed during the trial batching 
process, and the Memphis District has indicated that this fine aggregate 
has not caused problems with the concrete produced in the field. Figure 2 
shows the results of the ASTM C40 test. 
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Figure 2. ASTM (2011) (C40) organic impurities testing of dredged sand. 
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3 Mixture Proportioning 

Concrete mixture proportioning trial batches of 1.5 cu ft each were produced 
using the CMB laboratory’s 5.0-cu ft capacity Gilson Mixer. Standard 
laboratory mixing procedures were followed in accordance with ASTM 
International (2016a) (C192). Six trial batches were produced and five of the 
six are reported in this Interim Report. Trial Batch 4 is not reported because 
it did not meet the project requirements. The concrete mixture proportions, 
mixture characteristics, materials used, and test results for each of the 
mixtures are documented at Table 5 through Table 9. 

Trial Batch 1 (Table 9) and Trial Batch 2 (Table 8) did not include fibers 
and are included in this report for information purposes only. These two 
mixtures are beyond the original scope of this project, but help show the 
effects of chemical admixture and fiber dosages. 

Trial Batch 1 (Table 9) had a lower slump and air content than is allowable 
for this project. To improve these fresh properties, more air-entraining 
admixture was added to Trial Batch 2 (Table 8). 

Trial Batch 2 (Table 8) has the same admixture dosage as Trial Batch 3 
(Table 7). Trial Batch 3 included a fiber dosage rate of 1 lb of fiber/ yd3. 
However, the addition of 1 lb of fiber/ yd3 in Trial Batch 3 reduced the 
slump from 6.0 in. (Trial Batch 2) to 3.0 in.  
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Table 5. Concrete mixture proportions for mixture no. 169-16 RLM-T6. 

 

REPO RT O F CO NCRETE MIXTURE PRO PO RTIO NS
Project: FRC for Articulated Concrete Matress 3 lbs. of fiber per cu. yd. mixture
Proportioned for: USACE Memphis District Proportioned: 17-Jun-16
Proportioned by: USACE ERDC-Concrete 25% Class F fly ash

 and Materials Branch Mixture No. 169-16 RLM-T6

      Solid Volume Bulk Sp. Gr. Absorption,

Material by vol. by wt. ft3 m3 lb/yd3 kg/m3 S.S.D. %
1.445 0.054 284 169 3.15
0.482 0.018 72 43 2.39ª

43.0 42.5 8.526 0.316 1405 834 2.64 0.49
57.0 57.5 11.302 0.419 1897 1126 2.69 0.76

0.054 0.002 3.1 1.8 0.91ª 0.00
3.706 0.137 231 137.3 1.0

3 fl. oz 0.1 Ltrs
15.8 fl. oz 0.6 Ltrs

  1.485 0.055
100 100 27.00 1.000 3892 2310

2.  MIXTURE CHARACTERISTICS
43.0% Theo. Unit Wt., kg/m3 (lb /ft3 ) 2310 145.3
0.650 Cementitious Factor,  kg/m3 (lb/yd3): 211 356

3. TEST RESULTS   

Air Air
Batch Slump Content Contentb Unit Weight Relative Temp.

Number in. %    %    lb/ft3 Yield °F 7-day d 14-Day 28-day 56-day

1 3.75 6.0 5.8 142.8 98.3% 75.8 2800 3480 3980 4210

4.        MATERIALS:
COARSE AGGREGATE:  Crushed limestone, ASTM C33 #57, Cumberland Quarry, Pine Bluff Sand & Gravel; aggregate gradation, specific gravity, 
     and absorption values determined in ERDC-CMB aggregate testing laboratory
FINE AGGREGATE:  Dredged sand from the Mississippi River at Mile 769.2 AHP; aggregate gradation, specific gravity, and absorption values 
     determined in ERDC-CMB aggregate testing laboratory
CEMENT:  Type I/II portland cement, Buzzi Unicem, Festus Plant
POZZOLANS:  Fly ash, class F, Headwaters Resources, Prairie State
FIBER: Synthetic fiber, Tuf-Strand MaxTen, Euclid Chemical Company, length 3/4-in., polypropylene/polyethylene blend
ADMIXTURES: AEA-92S, ASTM C260 and CRD C-13 air entraining admixture, Euclid Chemical Company
     WR-91, ASTM C494 Type A water reducer, Euclid Chemical Company

REMARKS:
a   During trial batching, a specific gravity of 2.39 was used for the fly ash as is reflected in a mill report from 3/14/16.  
     a specific gravity of 0.91 was used for the Tuf-Strand synthetic fibers, as is reflected in the manufacturer's data sheet
b   Aggregate correction factor = 0.2 percent applied
c   Compressive strength tests made on nominal 4 x 8-in. cylinders per ASTM C39
d   Specimens cured at 72°F in 100% relative humidity room per ASTM C192

Fresh Properties Unconfined Compressive Strength, MPa (psi) c

 W/(C+M),  by  weight: 
S/A,  % :by volume

Air 
Totals:

Water-Reducing Admixture

Fine aggregate

Aggregate, % Mass, S.S.D.
1.  MIXTURE  PRO PO RTIO NS

Air Entraining Admixture

Coarse Aggregate
Fiber

Batch water 

Portland cement
Fly ash
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Table 6. Concrete mixture proportions for mixture no. 169-16 RLM-T5. 

 

REPO RT O F CO NCRETE MIXTURE PRO PO RTIO NS
Project: FRC for Articulated Concrete Matress 2 lbs. of fiber per cu. yd. mixture
Proportioned for: USACE Memphis District Proportioned: 17-Jun-16
Proportioned by: USACE ERDC-Concrete 25% Class F fly ash

 and Materials Branch Mixture No. 169-16 RLM-T5

      Solid Volume Bulk Sp. Gr. Absorption,

Material by vol. by wt. ft3 m3 lb/yd3 kg/m3 S.S.D. %
1.445 0.054 284 169 3.15
0.482 0.018 72 43 2.39ª

43.0 42.5 8.533 0.316 1406 834 2.64 0.49
57.0 57.5 11.312 0.419 1899 1127 2.69 0.76

0.038 0.001 2.1 1.3 0.91ª 0.00
3.706 0.137 231 137.3 1.0

3 fl. oz 0.1 Ltrs
13.6 fl. oz 0.5 Ltrs

  1.485 0.055
100 100.0 27.00 1.000 3894 2311

2.  MIXTURE CHARACTERISTICS
43.0% Theo. Unit Wt., kg/m3 (lb /ft3 ) 2311 145.3
0.650 Cementitious Factor,  kg/m3 (lb/yd3): 211 356

3. TEST RESULTS   

Air Air
Batch Slump Content Contentb Unit Weight Relative Temp.

Number in. %    %    lb/ft3 Yield °F 7-day d 14-Day 28-day 56-day

1 3.50 6.0 5.8 0 0.0% 74.8 3030 3450 4010 4190

4.        MATERIALS:
COARSE AGGREGATE:  Crushed limestone, ASTM C33 #57, Cumberland Quarry, Pine Bluff Sand & Gravel; aggregate gradation, specific gravity, 
     and absorption values determined in ERDC-CMB aggregate testing laboratory
FINE AGGREGATE:  Dredged sand from the Mississippi River at Mile 769.2 AHP; aggregate gradation, specific gravity, and absorption values 
     determined in ERDC-CMB aggregate testing laboratory
CEMENT:  Type I/II portland cement, Buzzi Unicem, Festus Plant
POZZOLANS:  Fly ash, class F, Headwaters Resources, Prairie State
FIBER: Synthetic fiber, Tuf-Strand MaxTen, Euclid Chemical Company, length 3/4-in., polypropylene/polyethylene blend
ADMIXTURES: AEA-92S, ASTM C260 and CRD C-13 air entraining admixture, Euclid Chemical Company
     WR-91, ASTM C494 Type A water reducer, Euclid Chemical Company

REMARKS:
a   During trial batching, a specific gravity of 2.39 was used for the fly ash as is reflected in a mill report from 3/14/16.  
     a specific gravity of 0.91 was used for the Tuf-Strand synthetic fibers, as is reflected in the manufacturer's data sheet
b   Aggregate correction factor = 0.2 percent applied
c   Compressive strength tests made on nominal 4 x 8-in. cylinders per ASTM C39
d   Specimens cured at 72°F in 100% relative humidity room per ASTM C192

Air 
Totals:

S/A,  % :by volume
 W/(C+M),  by  weight: 

Fresh Properties Unconfined Compressive Strength, MPa (psi) c

1.  MIXTURE  PRO PO RTIO NS
Aggregate, % Mass, S.S.D.

Portland cement
Fly ash

Fine aggregate
Coarse Aggregate

Fiber
Batch water 

Air Entraining Admixture
Water-Reducing Admixture



ERDC/GSL SR-17-1 10 

  

Table 7. Concrete mixture proportions for mixture no. 158-16 RLM-T3. 

 

REPO RT O F CO NCRETE MIXTURE PRO PO RTIO NS
Project: FRC for Articulated Concrete Matress 1 lbs. of fiber per cu. yd. mixture
Proportioned for: USACE Memphis District Proportioned: 06-Jun-16
Proportioned by: USACE ERDC-Concrete 25% Class F fly ash

 and Materials Branch Mixture No. 158-16 RLM-T3

      Solid Volume Bulk Sp. Gr. Absorption,

Material by vol. by wt. ft3 m3 lb/yd3 kg/m3 S.S.D. %
1.445 0.054 284 169 3.15
0.482 0.018 72 43 2.39ª

43.0 42.5 8.542 0.316 1407 835 2.64 0.49
57.0 57.5 11.323 0.419 1901 1128 2.69 0.76

0.018 0.001 1.0 0.6 0.91ª 0.00
3.706 0.137 231 137.3 1.0

3 fl. oz 0.1 Ltrs
10.6 fl. oz 0.4 Ltrs

  1.485 0.055
100 100.0 27.00 1.000 3896 2312

2.  MIXTURE CHARACTERISTICS
43.0% Theo. Unit Wt., kg/m3 (lb /ft3 ) 2312 145.5
0.650 Cementitious Factor,  kg/m3 (lb/yd3): 211 356

3. TEST RESULTS   

Air Air
Batch Slump Content Contentb Unit Weight Relative Temp.

Number in. %    %    lb/ft3 Yield °F 7-day d 14-Day 28-day 56-day

1 3.00 5.8 5.6 0 0.0% 74.4 2970 3520 3960 4310

4.        MATERIALS:
COARSE AGGREGATE:  Crushed limestone, ASTM C33 #57, Cumberland Quarry, Pine Bluff Sand & Gravel; aggregate gradation, specific gravity, 
     and absorption values determined in ERDC-CMB aggregate testing laboratory
FINE AGGREGATE:  Dredged sand from the Mississippi River at Mile 769.2 AHP; aggregate gradation, specific gravity, and absorption values 
     determined in ERDC-CMB aggregate testing laboratory
CEMENT:  Type I/II portland cement, Buzzi Unicem, Festus Plant
POZZOLANS:  Fly ash, class F, Headwaters Resources, Prairie State
FIBER: Synthetic fiber, Tuf-Strand MaxTen, Euclid Chemical Company, length 3/4-in., polypropylene/polyethylene blend
ADMIXTURES: AEA-92S, ASTM C260 and CRD C-13 air entraining admixture, Euclid Chemical Company
     WR-91, ASTM C494 Type A water reducer, Euclid Chemical Company

REMARKS:
a   During trial batching, a specific gravity of 2.39 was used for the fly ash as is reflected in a mill report from 3/14/16.  
     a specific gravity of 0.91 was used for the Tuf-Strand synthetic fibers, as is reflected in the manufacturer's data sheet
b   Aggregate correction factor = 0.2 percent applied
c   Compressive strength tests made on nominal 4 x 8-in. cylinders per ASTM C39
d   Specimens cured at 72°F in 100% relative humidity room per ASTM C192

Air 
Totals:

S/A,  % :by volume
 W/(C+M),  by  weight: 

Fresh Properties Unconfined Compressive Strength, MPa (psi) c

1.  MIXTURE  PRO PO RTIO NS
Aggregate, % Mass, S.S.D.

Portland cement
Fly ash

Fine aggregate
Coarse Aggregate

Fiber
Batch water 

Air Entraining Admixture
Water-Reducing Admixture
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Table 8. Concrete mixture proportions for mixture no. 146-16 RLM-T2. 

 

REPO RT O F CO NCRETE MIXTURE PRO PO RTIO NS
Project: FRC for Articulated Concrete Matress No Fiber Mix
Proportioned for: USACE Memphis District Proportioned: 25-May-16
Proportioned by: USACE ERDC-Concrete 25% Class F fly ash

 and Materials Branch Mixture No. 146-16 RLM-T2

      Solid Volume Bulk Sp. Gr. Absorption,

Material by vol. by wt. ft3 m3 lb/yd3 kg/m3 S.S.D. %
1.445 0.054 284 169 3.15
0.482 0.018 72 43 2.39ª

43.0 42.5 8.550 0.317 1409 836 2.64 0.49
57.0 57.5 11.333 0.420 1903 1129 2.69 0.76

3.706 0.137 231 137.3 1.0
3 fl. oz 0.1 Ltrs

10.6 fl. oz 0.4 Ltrs

  1.485 0.055
100 100.0 27.00 1.000 3898 2314

2.  MIXTURE CHARACTERISTICS
43.0% Theo. Unit Wt., kg/m3 (lb /ft3 ) 2314 145.6
0.650 Cementitious Factor,  kg/m3 (lb/yd3): 211 356

3. TEST RESULTS   

Air Air
Batch Slump Content Contentb Unit Weight Relative Temp.

Number in. %    %    lb/ft3 Yield °F 7-day d 14-Day 28-day 56-day

1 6.00 5.9 5.7 142.4 97.8% 74.5 2430 3060 3380 #DIV/0!

4.        MATERIALS:
COARSE AGGREGATE:  Crushed limestone, ASTM C33 #57, Cumberland Quarry, Pine Bluff Sand & Gravel; aggregate gradation, specific gravity, 
     and absorption values determined in ERDC-CMB aggregate testing laboratory
FINE AGGREGATE:  Dredged sand from the Mississippi River at Mile 769.2 AHP; aggregate gradation, specific gravity, and absorption values 
     determined in ERDC-CMB aggregate testing laboratory
CEMENT:  Type I/II portland cement, Buzzi Unicem, Festus Plant
POZZOLANS:  Fly ash, class F, Headwaters Resources, Prairie State
ADMIXTURES: AEA-92S, ASTM C260 and CRD C-13 air entraining admixture, Euclid Chemical Company
     WR-91, ASTM C494 Type A water reducer, Euclid Chemical Company

REMARKS:
a   During trial batching, a specific gravity of 2.39 was used for the fly ash as is reflected in a mill report from 3/14/16.  
b   Aggregate correction factor = 0.2 percent applied
c   Compressive strength tests made on nominal 4 x 8-in. cylinders per ASTM C39
d   Specimens cured at 72°F in 100% relative humidity room per ASTM C192

Air 
Totals:

S/A,  % :by volume
 W/(C+M),  by  weight: 

Fresh Properties Unconfined Compressive Strength, MPa (psi) c

1.  MIXTURE  PRO PO RTIO NS
Aggregate, % Mass, S.S.D.

Portland cement
Fly ash

Fine aggregate
Coarse Aggregate

Batch water 
Air Entraining Admixture

Water-Reducing Admixture
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Table 9. Concrete mixture proportions for mixture no. 145-16 RLM-T1. 

 

REPO RT O F CO NCRETE MIXTURE PRO PO RTIO NS
Project: FRC for Articulated Concrete Matress No Fiber Mix
Proportioned for: USACE Memphis District Proportioned: 24-May-16
Proportioned by: USACE ERDC-Concrete 25% Class F fly ash

 and Materials Branch Mixture No. 145-16 RLM-T1

      Solid Volume Bulk Sp. Gr. Absorption,

Material by vol. by wt. ft3 m3 lb/yd3 kg/m3 S.S.D. %
1.445 0.054 284 169 3.15
0.482 0.018 72 43 2.39ª

43.0 42.5 8.550 0.317 1409 836 2.64 0.49
57.0 57.5 11.333 0.420 1903 1129 2.69 0.76

3.706 0.137 231 137.3 1.0
1.7 fl. oz 0.1 Ltrs

10.6 fl. oz 0.4 Ltrs

  1.485 0.055
100 100.0 27.00 1.000 3898 2314

2.  MIXTURE CHARACTERISTICS
43.0% Theo. Unit Wt., kg/m3 (lb /ft3 ) 2314 146.3
0.650 Cementitious Factor,  kg/m3 (lb/yd3): 211 356

3. TEST RESULTS   

Air Air
Batch Slump Content Contentb Unit Weight Relative Temp.

Number in. %    %    lb/ft3 Yield °F 7-day d 14-Day 28-day 56-day

1 2.25 4.5 4.3 146 99.8% 71.8 2900 3620 4170 #DIV/0!

4.        MATERIALS:
COARSE AGGREGATE:  Crushed limestone, ASTM C33 #57, Cumberland Quarry, Pine Bluff Sand & Gravel; aggregate gradation, specific gravity, 
     and absorption values determined in ERDC-CMB aggregate testing laboratory
FINE AGGREGATE:  Dredged sand from the Mississippi River at Mile 769.2 AHP; aggregate gradation, specific gravity, and absorption values 
     determined in ERDC-CMB aggregate testing laboratory
CEMENT:  Type I/II portland cement, Buzzi Unicem, Festus Plant
POZZOLANS:  Fly ash, class F, Headwaters Resources, Prairie State
ADMIXTURES: AEA-92S, ASTM C260 and CRD C-13 air entraining admixture, Euclid Chemical Company
     WR-91, ASTM C494 Type A water reducer, Euclid Chemical Company

REMARKS:
a   During trial batching, a specific gravity of 2.39 was used for the fly ash as is reflected in a mill report from 3/14/16.  
b   Aggregate correction factor = 0.2 percent applied
c   Compressive strength tests made on nominal 4 x 8-in. cylinders per ASTM C39
d   Specimens cured at 72°F in 100% relative humidity room per ASTM C192

Air 
Totals:

S/A,  % :by volume
 W/(C+M),  by  weight: 

Fresh Properties Unconfined Compressive Strength, MPa (psi) c

1.  MIXTURE  PRO PO RTIO NS
Aggregate, % Mass, S.S.D.

Portland cement
Fly ash

Fine aggregate
Coarse Aggregate

Batch water 
Air Entraining Admixture

Water-Reducing Admixture
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4 Project Delivery Team 

Brian Green 
601.634.3216 
Brian.H.Green@usace.army.mil 
Research geologist, Concrete and Materials Branch 
CEERD-GM-C 

Wendy Long 
601.634.3238 
Wendy.R.Long@usace.army.mil 

Research civil engineer, Concrete and Materials Branch 
CEERD-GM-C 

Kirk Walker 
601.634.3237 
Kirk.E.Walker@usace.army.mil 
Engineering technician, Concrete and Materials Branch 
CEERD-GM-C  

4.1 Financial 

Alicia Souza-Pope (ERDC-MIO) 
601.634.4372 
Alicia.A.Souza-Pope@usace.army.mil 

Budget technician, Management Integration Office 
CEERD-GZ-M 

4.2 Administration 

Sherrie Johnson 
601.634.3276 
Sherrie.E.Johnson@usace.army.mil 
Administrative assistant, Concrete and Materials Branch 
CEERD-GM-C 
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Christopher Moore 
601.634.3271 
Christopher.Moore@usace.army.mil 
Chief, Concrete and Materials Branch 
CEERD-GM-C 

4.3 Technical contact information 

Brian H. Green 
U.S. Army Engineer R&D Center  
CEERD-GM-C 
Building 6000 
3909 Halls Ferry Road Vicksburg, MS 39180 
Phone: 601.634.3216 
Brian.H.Green@usace.army.mil 

4.4 Financial contact information 

Alicia Souza-Pope 
U. S. Army Engineer R&D Center  
CEERD-GZ-M 
Building 6000 
3909 Halls Ferry Road  
Vicksburg, MS 39180 
Phone: 601-634-4372 
Alicia.A.Souza-Pope@usace.army.mil 
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mailto:Brian.H.Green@usace.army.mil
mailto:Alicia.A.Souza-Pope@usace.army.mil
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Appendix A: Materials Information 

Mill certificates and admixture data sheets for the materials used were 
supplied by the U.S. Army Engineer District, Memphis, Construction 
Branch. 
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